Preparation of rabbit S. schenckii antisera. In brief, acetone-dried S. schenckii cells were suspended in physiological saline (1 mg/ml) and 2 ml was injected into two white rabbits intravenously twice a week for 2 weeks. The rabbits were bled 1 week after the final injection, and the antisera were stored at -20' C until used.
Immunodiffusion test. The acetone-dried precipitates were dissolved in physiological saline (1 mg/ml) as a double-immunodiffusion test antigen. Precipitin bands between rabbit antiserum and antigen wells were recorded as positive.
Immunization of guinea pigs. Five guinea pigs were subcutaneously injected in one leg with 1.0 ml of Freund's complete adjuvant containing 1 mg of acetone-dried S. schenckii cells. Injection was repeated four weeks later, and two weeks later, the animals were given a skin test.
Delayed hypersensitivity skin test. Acetonedried precipitate of S. schenckii or non-S. schenckii dissolved in 0.25% phenol-physiological saline (100 it g/ml) was used as a skin test antigen. Each antigen (0.1 ml) was injected intradermally into the volar surface of forearms of 5 sporotrichotic patients. Each antigen was also injected into the backs of 5 guinea pigs immunized with 2 mg of formalin-killed S. schenckii cells and into the backs of 5 normal guinea pigs. After 48 hours, the diameters of erythema were measured. Indurated erythema more than 5 mm in diameter was designated as positive. were injected into the tail of 4 rats and 3 rats, respectively. Three weeks later, the injection sites were histologically tested with PAS staining.
Results
Based on the mtDNA-RFLP patterns with Hae III and Msp I, 6 of the 25 isolates were confirmed to be S. schenckii. Of these 6, 4 were Type 4 and 2 were Type 24 ( Table  1) . The other 19 isolates produced identical RFLP patterns with Hae III and with Msp I. These patterns differed from the patterns of S. schenckii and so the isolates were determined to be distinct species from S. schenckii (Fig. 1) .
All of the 19 non-S. schenckii isolates grew well at both 25'C and 3TC.
Colonies of non-S. schenckii were cream-colored and did not turn brown on cornmeal agar. In contrast, 5 of 6 S. schenckii isolates that were cream-colored on Sabouraud dextrose agar turned black on cornmeal agar (Fig. 2) . Microscopical (Fig. 3) . Therefore, they could not be discriminated from S. schenckii by their macroand micro-morphological features. The rabbit S. schenckii antisera produced 3 precipitin bands against S. schenckii and non-S. schenckii antigen, 2 bands against Pseudallescheria boydii antigen and one against Arthroderma vanbreuseghemii antigen. The 3 bands of S. schenckii seemed to fuse with those of the non-S. schenckii (Fig. 4) .
Among 5 sporotrichotic patients, all had positive skin test reactions to S. schenckii antigens, while 3 had positive and 2 had negative reactions to non-S. schenckii antigens.
Five guinea pigs immunized with S. schenckii cells had positive skin test reactions to S. schenckii and negative reactions to non-S. schenckii antigens.
Normal controls showed negative reactions to both antigens.
Histopathology of the skin injected with live S. schenckii cells showed chronic inflammatory changes and a few fungal cells stained with PAS in the dermis, while histopathology at the site of non-S. schenckii injection showed no inflammatory changes and no fungal cells. Discussion Nakahara`-'1 in 1971 cultured 98 isolates similar to S. schenckii from 1312 soil samples taken from sites throughout Japan. Of the 98, 5 were very similar to S. schenckii in both morphology and serology. Two of the 5 isolates were inoculated into human skin and an ulcer was produced by one isolate, which was finally confirmed to be S. schenckii of mtDNA Type 6 at our laboratory. These results seem to suggest that there are numerous organisms similar to S. schenckii, but that there are few S. schenckii in soils.
The environmental isolates of S. schenckii deserve a few comments. In the present study, of 25 environmental isolates of S. schenckii conventionally identified based on the morphological findings, only 6 were S. schenckii based on RFLP patterns of their mtDNA, while all of the clinical isolates were S. schenckii 1-6). These results suggest that the identity of morphologically identified environmental isolates should be accurately confirmed by a molecular biological method such as mtDNA RFLP patterns.
Moreover, all the environmental isolates of true S. schenckii (Types 4 and 6) belonged to Group B, suggesting that most of these isolates in nature also belong to Group B. Further evidence for this is that most of the S. schenckii clinical isolates from China belong to Group B".
The non-S. schenckii species was indistinguishable from the S. schenckii by conventional morphology. Also S. schenckii and non-S. schenckii species serologically cross-react in rabbits and show delayed hypersensitivity cross-reaction in sporotrichotic patients, indicating antigenical similarity, although skin test cross-reactivity to non-S. schenckii antigen was not seen in immunized guinea pig.
However, mtDNA RFLP patterns of non-S. schenckii differed from those of Sporothrix curviconia and S. inflata 1) which are closely related to S. schenckii in both morphology and immunochemistry 10) . The non-S. schenckii species, therefore, may not be a member of the Sporothrix species.
Our results suggest that there are fewer S. schenckii in nature than expected, and that most environmental S. schenckii isolates conventionally identified are not actually S. schenckii but other species that are not pathogenic. This supports the report of Nakahara 9) and also may account for the fact that the incidence of sporotrichosis is extremely low compared with the number of skin traumas.
The non-S. schenckii isolates grew well on Sabouraud dextrose and cornmeal agar at 25° C and 3T C, and did not turn brown or black on the agar, whereas most colonies of S. schenckii become brown or black on cornmeal agar. These biological differences between the two species are not significantly discriminative, however.
Another possibility is that the non-S. schenckii species may belong to the genus Ceratocystis, in which cross-reactivity with S. schenckii is widely found" 12) . Taylor 13) reported that a member of Ceratocystis species was not significantly different from typical strains of S. schenckii in morphology and serology. Therefore, extension of mtDNA analysis to Ceratocystis species is needed. In addition, further global research on molecular epidemiology of environmental isolates is warranted to clarify the relationship between the distribution of S. schenckii in nature and epidemiology of sporotrichosis, and may show that the non-S. schenckii species is not a single species, but a complex of species.
